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A STUDY OF IDENTIFYING SUCCESS
VARIABLES FOR CONSTRUCTION
PARTNERING VIA SEM FRAMEWORK
Tung-Tsan Chen* and Chih-Han Kao*
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ABSTRACT
Owners and contractors in construction partnerships cooperate to quickly achieve results with reduced start-up costs,
achieve a win-win result for both parties, increase efficiency,
and reduce the possibility of conflict in construction projects.
This study explored success variables (SVs) in construction
partnerships via a novel framework. A questionnaire survey
was distributed to experienced practitioners in the Taiwan construction industry. Factor analysis was applied to extract SVs
based on the questionnaire results. Structural equation modeling (SEM) was then used to verify the relationships between
the SVs identified in construction partnership. The analytical
results showed that four success factors (SFs) in construction
partnerships (collaborative team culture, long-term quality
perspective, consistent objectives, and resource sharing) are
closely linked. Success in construction partnership is most
strongly influenced by the relationship between collaborative
team culture and consistent objectives, while the relationship
between collaborative team culture and long-term quality
perspective is least significant. Therefore, failure of partnering in construction projects can be minimized and success can
be achieved by carefully managing the four SFs.

I. INTRODUCTION
A constant lack of trust and verification of information has
characterized the working relationship between owners, designers, contractors and materials providers in the Taiwan construction industry. Owners continually seek the lowest cost
contractors. In response to perceived exploitation by owners,
contractors (professionals) gradually become less loyal and
less trustworthy. Changing contractors not only creates risk
but also consumes time and effort and may compromise qualPaper submitted 06/02/09; revised 07/19/09; accepted 08/19/09. Author for
correspondence: Tung-Tsan Chen (e-mail: tungtsan@kmit.edu.tw).
*Department of Construction Engineering, National Quemoy University,
No. 1 University Rd., Jinning Township, Kinmen, Taiwan 892, R.O.C.

ity. Thus, the practice of partnering between owners and contractors is steadily growing.
Construction projects rely on the efficient organization at
all levels of the teams involved, including the owners themselves, architects, engineers, contractors and materials providers. Notably, although the ability, experience, professional
knowledge and skill of these teams is directed toward completing the project, the teams are still independent bodies with
their own objectives, goals and management styles. In traditional construction contracts, each team involved in a project
acts independently, which frequently causes communication
and co-operation problems that impact production and efficiency. The addition of other problems in the construction
industry such as disappointing final results, excessive supervision, wasted effort [29], wasted time and money, and poor
team morale and communication can all cause cost overruns
and project delays, which can then lead to conflicts and lawsuits. This process demonstrates the difficulty of operating
and managing construction projects.
The construction industry has undergone a remarkable transformation during the past decade [29], due to changes including increased competition, improved quality, decreased
costs of construction materials and equipment, globalization,
delayed enactment of laws, rapidly changing technology and
construction methods, increased need for rapid and flexible
solutions to construction problems and increased risk in construction contracts. These changes represent a crisis in the
construction industry, and companies have begun to explore
alternative management methods to maintain superiority. Partnering can achieve quick and efficient results via low start-up
costs [30]. Additional advantages of partnering include risk
sharing, cooperative problem solving, competitive advantages
increasing, safe assets, new markets exploiting, and productivity enhancing. In the 1990s, the construction industry focused on providing superior service [14]. Ensuring client
satisfaction is important for the success of any company. To
achieve firm goals and avoid competition, firms must devise
partnering strategies to increase and maintain competitive
advantages. Consequently, researchers and practitioners have
proposed various construction project success factors [3, 8-10,
16].
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This study conducts a questionnaire survey of construction
industry professionals to further analyze the construction partnership variables. These questionnaires compare the roles of
different professionals in construction projects and the effects
of their various project attributes which provide a reference for
partnerships in the industry. Moreover, this study also probes
the success variables in construction partnering and explores
their relationship by structural equation modeling (SEM). The
study also analyzes cause and effect factors and linear structural relations.

Literature Review
1. Drawn on knowledge published in literature.
2. Gain experience from experts in the field.

Pilot Study Questionnair
1. Test the factors loading to the
project partnerships
.
2. Adopt the criteria in assessing
the success factors of project.

Face-to-face Interview
1. Gain an understanding of the
construction practices.
2. Provide information for refinement
of the pilot questions and develop
research questionnaire.

II. RESEARCH APPROACH
To achieve the research objective, the following methodologies were developed. First, metrics were developed to
measure success attributes among project partnership variables. Metrics for project partnership variables were then developed, and a questionnaire survey was conducted to measure
success attributes among project partnership variables.
The SPSS 10.0 software package was used for statistical
analysis of the data collected from the questionnaires, and
the results were presented by frequency, percentage and cross
analysis. The statistics application software AMOS 5.0 was
used for the confirmatory analysis, and overall research framework for this research study shows in Fig. 1.

Empirical Research Questionnaire

Data Analysis

1. Factor analysis
2. Structure equation modeling

Endogenous Latent Variables
successful factors
1. collaborative team culture
2. long-term quality perspective
3. consistent objectives
4. resource sharing

1. Questionnaire Development
The questionnaire used a Likert-type scale from 1 (extremely unimportant) to 5 (extremely important). To identify the
questionnaire structure, a second assessment was performed to
ensure its credibility and effectiveness. The original questionnaire included twenty-two nominated SVs in construction
partnership. Reliability testing was conducted to examine
measurement accuracy and also to ensure that characteristics
and variables were accurately measured. The measurements
were combined with the forecast number of characteristics to
represent the correct measurements. Various studies were used
as references for the questionnaires in the scale regarding
important SVs of partnerships and partner benefits. Cheung
et al. and Li et al. [11, 20] were consulted regarding construction project partnerships, and behavioral aspects in construction partnering established the “important factors in
partnerships.” Li et al. [21] were referenced for co-operation
in the construction projects. Additionally, various studies were
referenced for project management, project objective, success
factors and designed production of “project objectives and
important success factors” to match content validity [1, 2, 8,
12].
A pilot test was conducted for validation of the study questionnaire. Thirty six practitioners and scholars involved in the
Taiwanese construction industry were asked to complete the
questionnaire and comment on its readability, comprehensiveness and precision. Thirty-six copies of the questionnaire
were delivered to the intended subjects, and thirty-four copies
were retrieved in October, 2005. Cronbach’s was used to

Final structure equation
modeling of partnership

Fig. 1. Overall research framework for this research study.

determine reliability, and all data initially underwent factor
analysis. A Cronbach’s value was derived for each factor. A
with value exceeding 0.9; between 0.9 and 0.7; and under 0.35
indicated high, acceptable and low reliability, respectively.
The reliability scale used in this study had a Cronbach’s of
0.904 indicating high reliability of the pilot test questionnaire
[15].
2. Questionnaire Distribution
The survey population included practitioners and experts
in the Taiwan construction industry. The research subjects
were drawn from three groups: hi-tech large construction projects (HLCP), non-hi-tech large construction projects (NLCP),
and non-hi-tech small construction projects (NSCP). Hi-tech
construction projects were large projects requiring highly
interfaced integration such as the high speed rail. Non-hi-tech
construction projects were those projects without high interface integration, such as roadway construction projects. The
questionnaires were distributed via mail, e-mail, fax, telephone
and personal delivery to increase the rate of response and
sample representation. Three hundred thirty copies of questionnaires were distributed on January, 2006, to construction
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Scree Plot

Table 1. Sampling group, profession, and number of subjects.

8

6

Eigenvalue

Sampling group
HLCP
NLCP
NSCP
Total
Government employee
3
22
14
39
Project owners
14
16
2
32
Design firm
4
39
20
63
Construction firm
29
48
10
87
Total
50
125
46
221
Note: HLCP stands for hi-tech large construction projects; NLCP
stands for non-hi-tech large construction projects; NSCP stands
for non-hi-tech small construction projects.
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industry subjects. Two hundred twenty-one copies were retrieved (67% response rate), of which fifty were from the
HLCP, 125 were from the NLCP, and forty-sixx were from the
NSCP.
By profession, the sample included thirty-nine (17.6%) government employees, thirty-two (14.5%) project owner (Taiwan
High Speed Rail Corporation; THSRC) workers, sixty-three
(28.5%) design firm workers and eighty-seven (39.4%) construction firm workers. Of the 221 respondents, 125 (56.6%)
respondents were from the NLCP, fifty (22.6%) were from the
HLCP, and forty-six (20.8%) were from the NSCP. Table 1
lists survey subjects by sample group, profession and number.
3. Extracting Success Factors
Factor analysis uses a series of methods to identify groups
of related variables and is therefore an ideal technique for
creating a more easily understood framework [25]. Factor
analysis employes a data matrix produced by collecting a
number of individual cases or respondents. Principal component analysis is commonly used in factor analysis and involves generating linear combinations of variables through
factor analysis so that they explain as much of the variance in
the collected data as possible.
This study applied factor analysis to explore the underlying
constructs of the SVs for construction partnering. Twenty-two
SVs were subjected to factor analysis using principal component analysis and varimax rotation. A matrix was automatically generated along with the factor analysis by using the
software SPSS 10.0. Using a combination of the scree plot
(Fig. 2) and eigenvalue greater than one rule, nineteen SVs
were derived from the twenty-two nominated SVs, and the
four-Factor solution was considered the most appropriate.
Table 2 presents the results of the varimax rotation.
The goal of factor analysis is inclusive development of initial variables. Hence, an SV load exceeding 0.5 (rounded) on
the factor were considered acceptable SVs and left unmodified. Under this criterion, six of the SVs loaded on Factor 1,
three of the SVs loaded on Factor 2, five of the SVs loaded on
Factor 3 and five of the SVs loaded on Factor 4. Based on an
examination of the inherent relationships among the variables
under each of the Factors, Table 2 displays the four extracted
factors designated collaborative team culture, long-term qual-

2

3

4

5

6

7

8 9 10 11 12 13 14 15 16 17 18 19
Component Number

Fig. 2. Total variance associated with each factor.

ity perspective, consistent objectives and resource sharing,
respectively.
Collaborative team culture refers to a partnership formation
in which, to be effective, each firm must feel free to question
any assumption made by any other party. Such an arrangement helps parties to understand the reasoning behind assumptions made and may make the expert party question its
own assumptions [19]. Long-term quality perspectives can be
considered as the willingness of the involved parties to manage unanticipated problems continuously [4]. More committed parties are expected to balance the attainment of short-term
objectives with that of long-term goals and to achieve both
individual and joint missions without fearing opportunistic
behavior [23]. Consistent objectives in terms of compatible
goals are the strategic goals of individual organizations that
can converge to achieve the goal of the alliance, bind the organizations together and establish the direction, value and
activity of the firm. Partnership failure mainly results from
ambiguous goals and poorly coordinated activities [22]. Given
effective management, resource sharing can improve the competitiveness and construction capability of partnering relationships. Due to resource scarcity and competition, an
organization will otherwise rarely share resources such as
technology, experience, information, knowledge, ability, etc.,
with other organizations [13].

III. SEM ON CONSTRUCTION PARTNERSHIPS
1. SEM Development
The SEM can be used to describe relationships between two
variables: observed and latent. Observed variables represent
data that can be directly measured by a researcher such as
numeric responses to a rating scale item on a questionnaire.
Latent variables, conversely, are variables of interest to a researcher but not directly observable. To observe latent variables, frameworks must therefore be constructed to express
latent variables in terms of observed variables.

632

Journal of Marine Science and Technology, Vol. 18, No. 5 (2010)

Table 2. Principal components analysis on success variables.
Variables

SV6 Dedicated team
SV7 Flexibility to change
SV10 Long-term perspective
SV12 Formation at design stage
SV13 Good cultural fit
SV14 Company wide acceptance

Factor 1
(collaborative team
culture)
0.569
0.499
0.467
0.702
0.776
0.741

SV8 Commitment to quality
SV9 Commitment to continuous improvement
SV17 Questioning attitudes
SV1 Mutual trust
SV2 Effective communication
SV4 Clear understanding
SV5 Acting consistent with objectives
SV15 Technical expertise
SV3 Commitment from senior management
SV11 Total cost perspective
SV16 Financial security
SV18 Availability of resources
SV19 Equal power/empowerment

Implementing the SEM involves two procedures: a measurement component and a structural component [7]. The
measurement component specifies how latent variables are
measured in terms of observed variables. The structural component expresses relationships between latent variables. The
SEM enables the development of a causal indicator framework
in which a latent theoretical construct of interest is represented
by measured variables. The SEM also accounts for measurement errors, thus producing more accurate representations.
This study uses AMOS 5.0 statistical software to develop
the SEM framework, which consists of a measurement component and a structural component. The former determines
how well exogenous variables measure latent variable constructs. The later models the relationships between latent
variable constructs, allowing for explicit modeling of direct,
indirect and correlative effects.
2. SEM Modification
A basic framework was developed by incorporating the
latent constructs with their corresponding measures into an
initial SEM on the basis of theoretical expectations and past
empirical findings. Framework improvements were performed
over several iterations to arrive at a final framework specification by using a combination of modification indices [17] and
theoretical justifications until a final satisfactory framework
was identified.
Figure 3 shows the initial SEM framework. Additionally,
to ensure the appropriateness of groupings of the identified

Factor 2
(long-term quality
perspective)

Factor 3
(consistent objectives)

Factor 4
(resource sharing)

0.831
0.802
0.615
0.677
0.487
0.607
0.567
0.482
0.475
0.767
0.643
0.568
0.591

attributes into construction partnership SVs, Cronbach alpha
reliability testing was applied. Cronbach alpha values range
from 0 to 1. Values ranging from 0.6 to 0.7 are considered
sufficient, and values above 0.7 are considered reliable [27].
As Table 3 displays, all groupings in the initial SEM had
Cronbach alpha values higher than 0.7, indicating sufficient
internal consistency of the initial SEM.
Figure 4 shows the final SEM framework. The rectangles
indicate observed (or measured) variables. Unobserved latent
variable constructs appear in ellipses. The arrows in the figure
indicate the direction of hypothesized influence. For example,
the influence of the long-term quality perspective (η2) is presumed to be reflected in the observed measures of the variables: commitment to quality (SV8), commitment to continuous
improvement (SV9) and questioning attitudes (SV17) as depicted by the directional arrows. Error terms are included for
each exogenous variable indicating a latent variable construct.
For example, commitment to quality does not perfectly longterm quality perspective, and so an error term is needed to
represent the error of measurement. This error term, ε8, is an
unobserved entity consisting of the portion of measured value
of commitment to quality (SV8) that does not reflect the influence of long-term quality perspective.
The overall fitness of the initial SEM can be assessed by
employing goodness of fit (GOF) indices. In fact, several GOF
indices are available to test the fitness of the SEM. If the
GOF indices of the initial SEM do not reach the recommended
levels, framework refinements are required to improve overall
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Table 3. Reliability testing of initial SEM.

SV6
λ6

ε7
ε10
ε12
ε13
ε14

ε8
ε9
ε17

ε1

1
1
1
1
1

1
1
1

1

SV7
SV10

SV13

λ10

Collaborative
team cultural

λ13
λ14
φ 21

SV14

λ8

SV8
SV9

Items
Factors
(Measuring variables)
(Latent ariables)
(SVi)
(ηi)
Collaborative SV6 Dedicated team
team
SV7 Flexibility to change
culture
SV10 Long-term perspective
(η1)
SV12 Formation at design stage
SV13 Good cultural fit
SV14 Company wide acceptance

λ7

λ12
SV12

λ9
λ17

Long-term
quality
perspective

φ 31

SV17
φ 41

φ 32

SV1

ε4

1
1

SV2

λ4

Consistent
objectives

λ5
ε5
ε15

1
1

SV5

φ 42

λ15

SV15
φ 43

ε3
ε11
ε16
ε18

1
1
1
1

SV3
SV11
SV16

λ3

0.8010

Consistent
objectives
(η3)

SV1 Mutual trust
SV2 Effective communication
SV4 Clear understanding
SV5 Acting consistent with objectives
SV15 Technical expertise

0.7016

ε19

0.7432
SV3 Commitment from senior
management
SV11 Total cost perspective
SV16 Financial security
SV18 Availability of resources
SV19 Equal power/empowerment
Note: ηi and SVi represent success factors on partnering, latent variables, and observable variables, respectively.
Resource
sharing
(η4)

λ11
λ16
λ18

Resource
sharing

SV18
λ19

1

0.8326

SV8 Commitment to quality
SV9 Commitment to continuous
improvement
SV17 Questioning attitudes

λ2

SV4

Chronbach
α value

Long-term
Quality
perspective
(η2)

λ1
ε2
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SV19

Fig. 3. Initial SEM framework.

fitness. Table 4 displays the recommended levels of the GOF
indices. In this study, framework refinements were performed
by two methods. First, low correlation paths and associated
variables were systematically eliminated [26]. The interrelationship paths were then revised or covariance error paths
were added between the variables or latent factors. Both
methods were needed to refine the SEM framework with reference to the modification indices provided by the AMOS 5.0
program. After refinement, the framework with the best performance for both GOF and the theoretical expectations was
selected as the final SEM framework [24].
3. Measurement Component of SEM Framework
The collaborative team culture latent variable (construct) is
measured in the SEM framework by team dedication, flexibility to change, long-term perspective, formation at design
stage, good cultural fit and company wide acceptance. The
good cultural fit had the most influence on collaborative team

culture (λ = 0.724), followed by team dedication (λ = 0.701),
flexibility to change (λ = 0.692), company wide acceptance
(λ = 0.681), and long-term perspective (λ = 0.470). Formation
at design stage had the least influence on collaborative team
culture (λ = 0.397). The conflicts influence is minimal because mutual trust, effective communication, full acknowledgement and respect cultivate excellent cultural collaboration and
team spirit. Owing to these positive aspects, fewer conflicts
and quarrels occur, and a better working environment are
established to reach the worthwhile project [28].
The long-term quality perspective latent variable (construct)
is measured in the SEM framework by the commitment to
quality, commitment to continuous improvement, a questioning attitude, long-term perspective and formation at design
stage. The commitment to continuous improvement had the
strongest influence in characterizing long-term quality perspective (λ = 0.918) followed by commitment to quality (λ =
0.785), questioning attitudes (λ = 0.321), and long-term perspective (λ = 0.279). Formation at design stage had the least
influence on characterizing long-term quality perspective (λ =
0.229). The likely explanation is that, as the world modernizes,
the construction industry also becomes more versatile, expansive, and complicated, and skills and procedures evolve
into new ideas. Additionally, customers demand better quality
and durability, increasing the importance of long-term quality.
Only through the mutual promise by both sides continuously
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1

ε6

Table 4. Goodness of fit measurement of the SEM framework.

SV6
0.701

1

ε7

SV7

1

ε10

1

ε12

1

ε13

1

ε14

SV10

0.692

Collaborative
team cultural

0.397
1

SV12

Evaluation
index
Absolute
fit
index

0.470

0.724
0.681

SV13
SV14

0.578

0.279
0.229

ε8
ε9

1
1

SV8
SV9

0.807

0.785
Long-term
quality
perspective

0.918
0.321

ε17

1

0.793

SV17
0.615
0.319

ε4
ε5
ε15

1
1
1

SV4
SV5

0.679
Consistent
objectives

0.639
0.627

0.605

SV15

ε18
ε19

1
1
1

SV16
SV18

0.590
0.713

Description
of test
2
Pearson chi-square (χ ) The least
Dimension of freedom
P value
0.05
RMR value
0.05
RMSEA value
0.05
0.9
GFI value

Relative
fit
index

NFI value
IFI value
CFI value

Parsimonious
fit
index

NCI value
PNFI value
PCFI value
Hoelter CN value

＞
＜
＜
＞
＞0.9
＞0.9
＞0.9
＜3
＞0.5
＞0.5
≧200

Initial
Final
SEM
SEM
875.683 119.431
518
79
0.000
0.002
0.036
0.022
0.048
0.056
0.936
0.811
0.747
0.879
0.877

0.915
0.969
0.969

1.691
0.690
0.810
150

1.512
0.688
0.729
205

CrossAkaike AIC value
The least 1029.683 201.431
4.680
0.916
validation
ECVI value
The least
Note: deleted consistency objectives attribute: mutual trust, effective
communication; deleted resource sharing attribute: commitment from senior management, total cost perspective.

0.790

0.161
ε16

GOF

Resource
sharing

0.683
SV19

Fig. 4. Finally SEM framework.

improve the partnering arrangement does the project in progress receive care, a quality guarantee and long-term customer
satisfaction [4, 10].
The consistent objective latent variables (construct) are
measured in the SEM framework by clear understanding,
acting consistently with objectives, technical expertise and
questioning attitudes. Clear understanding had the most influence in characterizing consistent objectives (λ = 0.679),
followed by acting consistently with objectives (λ = 0.639)
and technical expertise (λ = 0.627). Questioning attitudes had
the least influence on characterizing consistent objectives (λ =
0.319). In partnering, team cooperation is based on collective
objectives, actions and ideas. Besides professional knowledge and effective communication, partners require a clear
understanding. With these qualities, the team can efficiently
achieve the objectives of the project [3].
The resource sharing latent variable (construct) is measured in the SEM framework by financial security, availability
of resources, equal power/empowerment and questioning attitudes. Availability of resources had the most influence on
resource sharing (λ = 0.713), followed by equal power/empow-

erment (λ = 0.683) and financial security (λ = 0.590). Questioning attitudes had the least influence on resource sharing
(λ = 0.161). If none of the parties involved in the project
adopt a win-win attitude, self-interest and lack of consideration for others will jeopardize project flow, and resources such
as financing, members, materials, machinery and information
will not be able to be fully used. Conversely, if resources can
be shared and applied fully in partnering, the project will be
significantly improved [5, 14].
4. Structural Component of SEM Framework
The implication of the initial research framework (Fig. 3)
is a linear relationship between the four latent variables (collaborative team culture, long-term quality perspective, consistent objectives, and resource sharing). The highest correlation
was observed between collaborative team culture and consistent objectives (ψ = 0.807), followed by collaborative team
culture and resource sharing (ψ = 0.793), consistent objectives
and resource sharing (ψ = 0.790), long-term quality and consistent objectives (ψ = 0.615) and long-term quality perspective and consistent objectives (ψ = 0.605). The lowest
correlation was between collaborative team culture and longterm quality perspective (ψ = 0.578).
This study tested whether or not the structural component
of four latent variables fit the data of a sample. According to
Bryman and Cramer [6], a correlation below 0.39 is low, and
one between 0.49 to 0.69 is modest. In this study, the correlations among the four latent variables, between 0.578 to 0.807,
were moderate. Discriminant validity tests also indicated the
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four latent variables of partnerships were distinct at 95% possibility [18], indicating they are statistically independent variables.
The above data indicate that for each factor in construction
partnering, a very close relationship exists between collaborative team culture and consistent objectives, and there is little
relationship between collaborative team culture and long-term
quality perspective. Of the four factors observed in the framework, the correlation coefficient of “collaborative team culture” and “long-term quality perspective” exceeded 0.6. Since
these four factors strongly affect one another, these four factors
and their framework application must be deeply probed to
achieve the expected project results via successful partnering.

IV. CONCLUSION
This paper explored SVs in construction partnerships in
Taiwan. Factor analysis was used to analyze the data collected
via questionnaire survey and extract nineteen SVs which were
classified into four SFs. The most important factor was collaborative team culture, followed by a long-term quality perspective, consistent objectives and resource sharing. The SEM
was then used to verify the relationship between these identified SVs and four SFs.
It was found that construction partnership SFs are most
strongly influenced by the relationship between collaborative
team culture and consistent objectives, while the relationship
between collaborative team culture and long-term quality perspective is least significant. It was also found that good cultural fit has the most influence on characterizing collaborative
team culture, commitment to continuous improvement has the
highest influence in characterizing long-term quality perspective, clear understanding has the highest influence in characterizing consistent objectives, and availability of resource has
the highest influence in characterizing resource sharing.
Failure of partnering construction projects can be minimized, and success can be achieved by carefully managing the
four SFs. Additionally, project owners, designers, contractors
and other related departments who were directly or indirectly
involved in this study all significantly influence the success of
construction partnering. Consequently, successful construction partnering requires the combined effort of all parties involved. The development of strategies for achieving effective
results in management and partnership can prevent conflicts,
lawsuits and inefficiency while increasing project efficiency
and productivity and achieving a win-win situation for all
involved parties.
More research may be needed to determine whether or not
the scales used in this study are reliable and valid for measuring other populations of construction partnerships. By using
AMOS, multitrait-multimethod confirmatory factor analysis,
the scales may be tested for application to different populations of construction partnerships. Additionally, researchers
may also explore whether the scales can be used to measure
partnership specialization among other groups of partnerships
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(e.g., Joint Venture, BOT, Turnkey).
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